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ABSTRACT 
O@ctive: To describe the epidemiology of community-acquired 
bacteremia in children admitted to a rural hospital in central 
Africa and to identify useful diagnostic signs or symptoms. 
Methods: On admission, a blood culture was obtained from all 
children admitted to Children’s Hospital of Lwiro between 1989 
and 1990. Clinical and biologic signs of infection and nutri- 
tional status were recorded. 
Results: Among the 779 children included in the study, 15.9% 
were bacteremic on admission. The rate of bacteremia was the 
highest among children with jaundice (20/56; 35.7%) and fever 
(119/487; 24.4%). In contrast, children with severe malnutri- 
tion had a lower rate of bacteremia (13.2%) than weight growth 
retarded or well-nourished children (19.5%) (P = 0.046). Fever 
was the most useful diagnostic criteria (sensitivity and nega- 
tive predictive value of 96.0% and 97.8%, respectively) even 
in severely malnourished children (sensitivity and negative pre- 
dictive value of 96.4% and 99.1%, respectively). Entero- 
bacteriacea, mostly Salmonella spp, caused 73% of the 
bacteremia. There was a high rate of resistance to ampicillin 
and chloramphenicol among the responsible organisms. Only 
31 (47.7%) of 65 bacteremic children responded to the com- 
bination of ampicillin and gentamicin. The presence of bac- 
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teremia on admission did not significantly increase the risk of 
morality during hospitalization (19.4% compared with 13.5%; 
P = 0.088). Age less than 12 months and jaundice were inde- 
pendent risk factors for deaths in bacteremic children. 
Conclusions: Community-acquired bacteremia caused by multi- 
resistant Enterobacferiacea is an important problem of hospi- 
talized well-nourished and malnourished children in central 
Africa. Fever on admission is a sensitive diagnostic sign, even 
in malnourished children. 
Key Words: bacteremia, children, malnutrition, multiresistant, 
Salmonella spp 
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A number of studies performed in developing countries 
have documented a high frequency of bacteremia among 
hospitalized children, especially those with malnutri- 
tion.‘-* However, there is a marked geographic variation 
in the frequency of bacteremia as well as in the respon- 
sible organisms and in their antibiotic susceptibility pat- 
terns.‘-” In addition to its high frequency, bacteremia is 
an important factor contributing to deaths of children 
occurring in hospital and at home.1~2~10 
Several studies have revealed that symptoms and 
signs associated with bacteremia are atypical, making the 
diagnosis of this severe infection difficult.“-‘* In mal- 
nourished children, bacteremia can be present without 
obvious clinical manifestations so that systematic pre- 
scription of antibiotics on admission has been recom- 
mended for these children.15,16 However, because of 
limited resources, this recommendation is difficult to 
implement in developing countries, and many physicians 
prescribe antibiotics only in malnourished children with 
signs of infection. 
The combination of ampicillin and gentamicin is con- 
sidered to be the most appropriate antibiotic treatment 
for bacteremia in developing countries.5~15J6 Recent stud- 
ies have revealed that the responsible pathogens are 
becoming increasingly resistant to these agents,s,9*17 and 
third generation cephalosporins are increasingly empiri- 
cally used.18 It has been suggested that these resistant 
organisms can be treated with fluoroquinolones, and 
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clinical studies have indicated that these drugs are effec- 
tive and safe even in children.19-21 
The purposes of this study were (1) to describe the 
epidemiology of community-acquired bacteremia in chil- 
dren admitted to a rural hospital in central Africa; (2) to 
assess signs associated with the occurrence of bacteremia 
and to derive a set of clinical criteria useful on admis- 
sion in well-nourished as well as in malnourished chil- 
dren; (3) to identify risk factors of death in bacteremic 
children. 
METHODS 
Patients 
This study was performed at the children’s hospital of 
Lwiro. This medical center is located in a rural area of the 
southern part of the Kivu province of Democratic Repub- 
lic of Congo (DRC), formerly Zaire. In this highland, with 
a mean altitude of approximately 1500 m, most people 
are living on subsistence farming and their food supply 
is periodically deficient in energy and protein, depending 
on the season and the success or failure of the harvest. 
Most families live in an environment of unfavorable 
hygiene.22 As a consequence, a high proportion of chil- 
dren suffer from malnutrition and frequent episodes of 
infections. The characteristics of children admitted to this 
hospital have been described elsewhere.23 About 90% of 
the patients come from surrounding villages and use this 
hospital as a first-line facility, and the remaining 10% are 
referred from other medical facilities for further investi- 
gation and management. 
Design of the Study 
The study was conducted over a 2-year period (January 
1989 to December 1990). During this period, blood cul- 
tures were obtained from all children on admission, 
whether or not they were febrile. 
Laboratory Methods 
Between 2 and 3 mL of venous blood, obtained after the 
skin had been cleansed with iodine alcohol was inocu- 
lated in an aerobic bottle containing 20 mL of Columbia 
broth. LiquoidR (Roche, Basel, Switzerland) was used as 
anticoagulant. Samples for blood culture were drawn with 
samples for other biologic tests, but the blood culture 
bottles were inoculated before the tubes for the other 
tests. Blood culture bottles were incubated at 37°C for 
10 days and inspected daily for signs of bacterial growth. 
Subculture and Gram stain were done when these signs 
were detected and at the end of the IO-day incubation. 
A second blood culture was drawn when signs of bac- 
terial growth were detected if the child was not treated 
with antibiotics. Bacteria were identified using standard 
bacteriologic methods. All pathogens isolated in Lwiro 
were sent to the laboratory of the Centre Hopitalier Uni- 
versitaire Saint-Pierre, Brussels, Belgium, to confirm the 
identification. Blood isolates were considered to be sig- 
nificant if they were usual pathogens of children and 
when the pathogen was recovered before the third day 
of incubation. Coagulase-negative staphylococci, Bacillus 
spp and Corynebacterium spp were regarded as conta- 
minants unless isolated more than once in the presence 
of clinical features compatible with septicemia. Recov- 
ery of multiple organisms in the same bottle of a blood 
culture or in different sets of blood cultures of the same 
episode was considered to be external contamination 
unless polymicrobial bacteremia was confirmed by a sec- 
ond blood culture. 
Antimicrobial susceptibilities were determined for 
all isolates by Kirby-Bauer disk diffusion method.** The 
following antimicrobial agents were tested: nalidixic acid 
(NAL), amikacin (AMI), ampicillin (AMP), amoxicillin- 
clavulanate (AUG), cefazolin (CEF), ceftriaxone (CFX), 
cefotaxime (CTX), gentamicin (GEN), chloramphenicol 
(CHL), ofloxacin (OFL), pefloxacin (PFL), piperacillin 
(PIP), cotrimoxazole (SXT), tetracycline (TET), ticarcillin 
(TIC), and tobramycin (TOB). 
In all included children, white blood cell counts 
(WBC) and erythrocyte sedimentation rates (ESR) were 
performed using standard manual methods. 
Clinical Data 
Socioeconomic and demographic data, symptoms and 
signs, and nutritional status were recorded on admission. 
Nutritional status was defined according to the Wellcome 
classiBcation.25 Children with a weight-for-age less than 
60% of expected weight (according to National Center for 
Health Statistics [NCHS] Hyattsville, MD, reference) and 
no edema (marasmus), those with a weight-for-age 
between 60% and 80% of expected weight and edema 
(kwashiorkor), and those with a weight-for-age less than 
60% of expected weight and edema (marasmic kwash- 
iorkor) were classified as severely malnourished (SM). 
Those with a weight-for-age between 60% and 80% of 
expected weight and no edema were classified as weight 
growth retarded (VUGR) and those with a weight-for-age 
over 80% of expected weight without nutritional edema 
as well-nourished (WN). 
Treatment of Suspected or Confirmed Bacteremia 
In malnourished as well as in well-nourished children, 
antibiotic treatment was prescribed according to the final 
diagnosis of infection established on the basis of initial 
clinical examination. Antibiotics were not systematically 
prescribed to malnourished children without sign of 
infection. The standard antibiotic treatment regimen 
(scheme 1) included the combination of ampicillin and 
gentamicin administered intravenously to treat suspected 
or confirmed bacteremia until 48 hours without fever. 
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Ampicillin was then administered orally and gentamicin 
intramuscularly for a total of 10 days. Oral ofloxacin or 
pefloxacin was substituted for this regimen and was given 
during 10 days in case of documented resistance and clin- 
ical failure. In the presence of signs of severe infection 
(septic shock, coma, signs of meningitis), ofloxacin or 
pefloxacin were used as primary therapy (scheme 2). 
Quinine was added to the antibiotic treatment when 
Plasmodium spp were detected in the thick drop or 
thick drop-smear. Side effects of treatment (the appear- 
ance of osteo-articular pain manifestations) were looked 
for only in children who received fluoroquinolones. 
Statistical Analysis 
Statistical analyses were carried out using SPSS for Win- 
dows version 6.1.3 (SPSS, Chicago, IL). For univariate 
analyses, Pearson chi-squared test and when necessary 
Fisher’s exact test were applied in the analysis of con- 
tingency tables. The t-test was used in the comparison 
of means. 
Multivariate analysis was performed using logistic 
regression to determine signs and symptoms indepen- 
dently associated with the occurrence of bacteremia and 
predictors of death in bacteremic children. The following 
categoric variables were included in the model for the 
occurrence of bacteremia: age (cl 2 vs. 212 mo), history 
of antibiotic treatment (present or absent), nutritional 
status (SM, WGR, WN), fever or hypothermia (present or 
absent), jaundice (present or absent), hepatomegaly (pre- 
sent or absent), splenomegaly (present or absent), ery- 
throcyte sedimentation rate (ESR) (230 vs. ~30 mm/h), 
and hemoglobin (~8 vs. 28 g/dL). Only age (cl2 vs. 212 
mo), jaundice, and hepatomegaly were included in the 
model for risk factors of death. A forward procedure 
based on the likelihood ratio was used to select the vari- 
ables to be included in the model. 
To evaluate the diagnostic characteristics of the var- 
ious factors associated with bacteremia and some of their 
combinations, their sensitivity, specificity, negative 
predictive value, and positive predictive value were 
calculated. 
RESULTS 
General Characteristics of Study Children 
Among 932 children admitted to the Children’s Hospital 
of Lwiro during the 2-year study period, a blood culture 
was obtained on admission from 779 (83.6%). The main 
reasons for not obtaining a blood culture on admission 
were lack of disposable material and perturbation in the 
electricity supply. Of the 779 children included in the 
study, 54% were male. The mean age was 33 months 
(SD = 36 mo), with a median of 21 months (range, 
I mo-15 y 8 mo). According to the Wellcome classitica- 
tion, 30% were severely malnourished (SM), 38.5% were 
weight growth retarded (WGR), and 31.5% were well- 
nourished (WN). The mean length of hospital stay was 
23.1 days (SD = 23.8 d), and the median was 13 days 
(range, O-224 d). 
Frequency of Bacteremia and Bacteriologic Results 
The proportion of blood cultures yielding a clinically sig- 
nificant positive result was 15.9% (124/779) in the whole 
cohort and 24.4% (119/487) among children with fever. 
About 7% (54/779) of blood cultures were contaminated, 
mostly by coagulase-negative staphylococci, Bacillus spp, 
and Corynebacterium spp. 
Enterobacteriacae were isolated in 73.0% of the sig- 
nificant positive blood cultures (Table 1). Among them, 
Salmonella spp, mainly the enteritidis serotype, were 
the most frequent pathogens. There was a high frequency 
of bacteremia caused by Citrobacter freundii. In con- 
trast, Streptococcus pneumoniae, Haemophilus influen- 
zae, and Neisseria meningitidis accounted for a small 
proportion of the bacteremia in this setting. 
The antimicrobial resistance patterns of the most fre- 
quently noted pathogens are shown in Table 2. Of note 
is the high prevalence of resistance to ampicillin, chlo- 
ramphenicol, and cotrimoxazole, the antibiotics com- 
monly used in the region. Almost all isolates were 
susceptible to third generation cephalosporins (cefo- 
taxime and ceftriaxone) and fluoroquinolones (ofloxacin 
and pefloxacin). 
Risk Factors of Bacteremia 
In a univariate analysis, bacteremia was more frequent in 
children who had received an antibiotic treatment within 
Table 1. Organisms Causing Community-Acquired 
Bacteremia in the Sample of 779 Hospitalized Children 
Organism 
Sa/monel/a species n = 55 (43.6%) 
S. enteritidis 
S. typhimurium 
S. typhi 
Other Salmonella (not typed) 
Other gram-negative bacteria n = 59 (46.9%) 
Escherichia coli 
Citrobacter freundii 
Klebsiella pneumoniae 
Enterobacter cloacae 
Haemophilus influenzae 
Neisseria meningitidis 
Other 
Gram-positive bacteria n = 12 (9.5%) 
Staphylococcus aureus 
Streptococcus pneumoniae 
Coagulase-negative staphylococci 
Bacferemia 
n = 126 (100.0%) 
46 (36.5) 
1 (0.8) 
2 (1.6) 
6 (4.8) 
19 (15.1) 
8 (6.3) 
5 (4.0) 
5 (4.0) 
1 (0.8) 
1 (0.8) 
20 (15.9) 
6 (4.8) 
5 (4.0) 
1 (0.8) 
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Table 2. Antimicrobial Susceptibility Patterns of Common isolates 
Percentage Susceptible to the Respective Antibiotic 
Oraanism n* AMP CHL SXT GEN ClX CFX OFL 
Salmonella enteritidis 70 0 0 93 100 100 100 
Salmonella typhimurium 1 100 100 100 100 100 100 
Salmonella typhi 2 100 100 100 100 100 100 
Other Salmonella 14 57 64 93 100 100 100 
Citrobacter freundii IO 10 10 30 70 100 100 
Escherichia co/i 20 35 35 50 100 100 100 
Klebsiella pneumoniae 8 0 62 62 100 100 100 
Enterobacter cloacae 7 14 43 57 57 100 85 
Staphylococcus aureus 8 0 100 100 100 100 100 
*Number of isolates tested. AMP = ampicillin, CHL = chloramphenicol, SXT = cotrimoxazole, GEN = gentamicin, CTX = cefotaxime, CR = ceftriaxone, 
OFL = ofloxacin 
100 
100 
100 
100 
100 
100 
100 
100 
100 
the preceding month. It was less frequent in children 
with a volunteered complaint of malnutrition (4.6% 
when main complaint was malnutrition compared with 
19.1% if main complaint was different; P < 0.001). Among 
Table 3. Prevalence of Community-Acquired 
Bacteremia according to Patient Characteristics, 
Symptoms, and Clinical and Biologic Signs 
Variable 
Prevalence of 
Distribution Bacteremia 
n (W n (%) P-Value 
Age 
<12mo 
2 12 mo 
Previous antibiotic treatment 
Present 
Absent 
Physical examination 
Nutritional status 
Severely malnourished 
WGR or WN 
Body temperature 
Fever 
Normal 
Jaundice 
Present 
Absent 
Hepatomegaly 
Present 
Absent 
Splenomegaly 
Present 
Absent 
Biologic signs 
ESR 
> 30 mm/h 
< 30 mm/h 
Hemoglobin level 
< 8 g/L 
2 8 g/L 
Malarial parasite in thick drop 
Present 
Absent 
233 (29.8) 45 (19.3) 
478 (17.7) 78 (16.3) 
48 (6.7) 
667 (93.3) 
14 (29.2) 
110 (16.5) 
212 (29.6) 28 (13.2) 
494 (70.4) 96 (19.5) 
487 (68.1) 119 (24.4) 
228 (31.9) 5 (2.2) 
56 (7.8) 20 (35.7) 
659 (92.2) 104 (15.8) 
117 (18.0) 31 (26.5) 
598 (82.0) 93 (15.6) 
118 (16.5) 29 (24.6) 
597 (83.5) 95 (15.9) 
326 (50.5) 36 (24.7) 
320 (49.5) 79 (11.0) 
217 (35.6) 53 (24.4) 
393 (64.4) 55 (14.0) 
182 (28.8) 45 (24.7) 
450 (71.2) 62 (13.8) 
NS 
0.025 
0.046 
<O.OOl 
< 0.007 
0.003 
0.023 
<a.001 
0.001 
<O.OOl 
WGR = weight growth retarded: WN = well-nourished; ESR = erythrocyte 
sedimentation rate. 
clinical signs, fever, jaundice, splenomegaly, and 
hepatomegaly were associated with a high prevalence of 
bacteremia (Table 3). Five of the 124 bacteremias were 
noted in children without fever, including 1 (1%) of the 
104 malnourished children without fever on admission. 
Children suffering from severe malnutrition on admis- 
sion had a lower prevalence of bacteremia than weight 
growth retarded or well-nourished children (see Table 3). 
There was no association between bacteremia and age, 
dehydration, circulatory shock, or neurologic abnormal- 
ities (convulsions or coma). An ESR higher than 30 
mm/hour, a positive thick drop for Plasmodium spp and 
a serum hemoglobin level less than 8 g/dL were associ- 
ated with an elevated prevalence of bacteremia; WBC 
(215,00O/mm” compared with <15,00O/mm”) was not 
associated with this infection. 
In a logistic regression model including age, symp- 
toms, and physical signs significantly associated with bac- 
teremia in univariate analysis, a previous antibiotic 
treatment, fever, jaundice, and ESR, were independently 
associated with a high prevalence of bacteremia (Table 
4). The prevalence of bacteremia was increased in chil- 
dren with a history of antibiotic treatment, fever, jaun- 
dice, and an ESR higher than 30 mm/h. Nutritional status 
was not independently associated with bacteremia. 
Diagnosis 
Fever had the highest sensitivity and negative predictive 
value for the diagnosis of bacteremia, but a low speci- 
ficity even in malnourished children (Table 5). Apart from 
an elevated ESR, which had a sensitivity of 68.7%, the 
other clinical and biologic signs of infection had a sen- 
sitivity below 50%. Jaundice, which had the highest pos- 
itive predictive value (35.7%) and the highest specificity 
(93.9%) had a sensitivity of only 16.1%. Combining the 
presence of fever and an elevated ESR (>30 mm/h) (only 
children with fever were evaluated for the presence of 
elevated ESR) enhanced the specificity, had little effect on 
positive predictive value, but caused a considerable loss 
in sensitivity (see Table 5). 
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Table 4. Logistic Regression Model for the Risk Factors 
for the Occurrence of Community-Acquired Bacteremia* 
Variable Odds Ratio 
Fever 
Present/absent 10.80 
Jaundice 
Present/absent 2.35 
Previous antibiotic treatment 
Yes/no 2.25 
Erythrocyte sedimentation rate (mm/h) 
2 30/C 30 1.82 
Bacteremic children n = 114 and nonbacteremic children n = 524. 
Not retained: age, hepatomegaly, splenomegaly, nutritional status, hemoglobin level. 
95% Confidence Interval 
4.30-27.15 
1.23-4.50 
1.12-4.77 
1 .I 6-3.01 
P-Value 
<O.OOl 
0.010 
0.024 
0.010 
Treatment and Outcome DISCUSSION 
The combination of ampicillin and gentamicin led to clin- 
ical improvement in only 47.7% (31/65) of bacteremic 
children treated by this regimen, despite the fact that 60 
(92.3%) of these 65 patients were infected by bacteria sus- 
ceptible to gentamicin. When children who failed to 
respond to this combination were treated with fluoro- 
quinolones, the result was the cure of 23 of 24 (95.8%). 
No osteo-articular pain related to the use of fluoro- 
quinolones was noted. 
This study documented the frequent occurrence of bac- 
teremia among children admitted to a rural hospital in 
central Africa, especially those with a history of previous 
antibiotic treatment, fever, jaundice, or an elevated ESR. 
Enterobacteriacae, particularly Salmonella spp, were the 
major pathogens. Fever appeared to be the only useful 
diagnostic criteria even in malnourished children, and 
age less than 12 months and jaundice were the main risk 
factors of death in bacteremic children. 
Twenty-four (2 1.4%) of 112 deaths occurred in chil- 
dren with bacteremia on admission. The case fatality rate 
for bacteremic children was 19.4% (24/124) compared 
with 13.5% (88/653) for children without bacteremia 
(P > 0.05); 54% (13/24) of these deaths occurred within 
48 hours of admission. Univariate analysis showed that the 
proportion of deaths was significantly higher in bacteremic 
children younger than 12 months of age (14/45; 3 1.1%) 
compared with older children (10/78; 12.8%) (P = 0.014) 
in those with jaundice (8/20; 40.0%) compared with those 
without jaundice (16/104; 15.4%) (Fisher’s exact test, 
P = 0.026) and in those with hepatomegaly (10/31; 32.3%) 
compared with those without hepatomegaly (14/93; 
15.1%) (P = 0.036). Logistic regression analysis indicated 
that only age and jaundice were independent risk factors 
of death in bacteremic children (Table 6). 
The prevalence of bacteremia of 15.9% observed in 
the whole sample and 24.4% in febrile children is con- 
siderably higher than that reported from South Africa and 
from industrialized countries where 3 to 5% of febrile 
children attending pediatric outpatient clinics or general 
pediatric wards have positive blood cultures.5~7~Z6-ZB The 
disparity between the present findings and those of other 
studies can be explained by the coexistence of many risk 
factors in the current study population, including home 
crowding, low hygienic standards, and high prevalence of 
malaria.29-31 Indeed, other studies carried out in devel- 
oping countries, especially those including children suf- 
fering from severe malnutrition have reported a 
prevalence of bacteremia up to 36%.‘-* It must be noted 
that this study was performed at a time where the preva- 
lence of human immunodeficiency virus (HIV) infection 
Table 5. Diagnostic Value of Fever and of the Serial Combination of Fever 
and Erythrocyte Sedimentation Rate for Community-Acquired Bacteremia 
Study Group Bacteremia (%) Positive Test (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) 
Fever 
Whole cohort (n = 715) 17.2 68.1 96.0 37.7 24.4 97.8 
Well-nourished/weight growth retardation (n = 494) 19.5 76.2 95.8 28.5 24.3 96.6 
Severe malnutrition (n = 212) 13.2 50.2 96.4 58.7 26.2 99.1 
Fever and ESR 
Whole cohort (n = 715) 17.2 35.7 
Well-nourished/weight growth retardation (n = 493) 19.3 40.6 
Severe malnutrition (n = 212) 13.2 25.0 
PPV = positive predictive value; NPV = negative predictive value; ESR = erythrocyte sedimentation rate. 
60.5 67.5 29.4 88.4 
57.9 60.8 27.5 84.9 
67.8 80.7 35.8 94.0 
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Table 6. Logistic Regression Model for the 
Death Risk Factors in Bacteremic Children 
95% Confidence 
Variables Odds Ratio Interval P-Value 
Jaundice 
Present/absent 4.08 1.37-l 2.31 0.012 
Age 
< 12 mok12 mo 3.36 1.30-8.79 0.013 
Not retained: hepatomegaly. 
Surviving children = 99; deceased = 24 
was low (< 1%) in the pediatric population served by the 
Lwiro hospital. 
In contrast to studies performed in industrialized 
countries,21 in South Africa,5,7 in Jamaica,’ and in Zim- 
babwe,‘O gram-positive bacteria played a marginal role 
among patients in this study. Streptococcus pneumoniae, 
which causes up to 85% of bacteremia in children from 
industrialized countries, and coagulase-negative staphy- 
lococci, which are responsible for most bacteremia in 
Jamaica and in Zimbabwe, represented less than 5% of the 
causative organisms in the current study population. How- 
ever, bacteremia caused by gram-positive bacteria 
occurred in 1.5% of this patient population, a figure that 
is in the range of the frequency of bacteremia in indus- 
trialized countries and South Africa. This indicates that the 
higher frequency of bacteremia found in this study is 
related to the added burden of infection caused by gram- 
negative bacteremia in the region of central Africa in 
which the study was conducted. 
Where infants and children are fed diets kept for 
many hours at room temperature, most gram-negative 
bacteremia may originate from this source. Severe infec- 
tion caused by enteral feedings contaminated by most of 
the gram-negative bacteria involved in the present study, 
has been documented elsewhere.‘2-34 In one study in Bel- 
gium, Levy and colleagues showed that organisms con- 
taminating enteral nutrition solutions caused 66% (10/l 5) 
of Enterobacter cloacae nosocomial bacteremia during 
a 2-year period and 28% (2/7) of KlebsZella pneumoniae 
during a 6-month period.33 
The proportion of Citrobacter freundii bacteremia 
obtained in the present study was higher than the less 
than 1% (s/339) reported in a pediatric general ward in 
South Africa.5 This pathogen is a well-known agent of 
severe infection in neonates and infants, but few serious 
infections have been observed in older children and 
adults.35~36 The high proportion observed in the present 
study may reflect a high rate of colonization with this 
resistant organism in the community or the existence of 
a common source of infection. 
The antibiotic resistance patterns the authors have 
observed were different from those observed in western 
Democratic Republic of Congo and in Rwanda.8,9,19z37 $-al- 
monella enteritidis isolated in Kigali, Rwanda, were sus- 
ceptible to ampicillin and chloramphenicol, whereas the 
Lwiro isolates were resistant to these antibiotics.37 SaZ- 
monella typbimurium were multidrug resistant in Kigali 
whereas the Lwiro strains were susceptible to all anti- 
biotics tested? The proportion of non-typhi Salmonella 
with resistance to ampicillin, chloramphenicol, and CO- 
trimoxazole was also higher in western DRC compared 
with findings of the present study.8s’9 Nevertheless, the 
great majority of recent published studies have pointed 
out the emergence of multidrug resistant gram-negative 
bacteria in developing and developed countries.38,39 
Recent unpublished data from the Children’s Hospital of 
Lwiro, showed that this phenomenon is worsening: about 
90% of S. enteritidis isolated from blood cultures in 1998 
and 1999 were resistant to cotrimoxazole, whereas dur- 
ing this study (1989- 1990) only 7% were resistant to this 
antibiotic. Fortunately, all pathogens causing bacteremia 
in this hospital remain sensitive to fluoroquinolones. The 
growing resistance to antibiotics and its geographic vari- 
ability indicate the necessity of continuous epidemiologic 
surveillance. Blood cultures may be regularly obtained in 
a selected number of febrile children so that the anti- 
biotic regimen may be continuously adapted to the local 
epidemiology. This may lead to a prompt institution of 
effective antibiotic treatment in all children at risk of bac- 
teremia that may reduce the number of bacteremia-related 
deaths.40,4’ 
The most striking discrepancy between the present 
results and those previously published in the literature is 
the absence of independent association between mal- 
nutrition and bacteremia.3a5 Two reasons can be proposed 
to explain this discrepancy: differences in the criteria for 
admission of children with malnutrition and differences 
in study designs. In most developing countries, children 
with severe malnutrition are usually hospitalized because 
of the occurrence of infectious symptoms. In Lwiro, more 
than a third of children with severe malnutrition are 
admitted because of their nutritional condition, in the 
absence of infectious symptoms. Bacteremia was less fre- 
quent in children with volunteered complaints of mal- 
nutrition than in those with other volunteered 
complaints. Also, when comparing this study with the 
previous ones, one should consider that in most studies 
only univariate analysis was used,3z5 whereas a multi- 
variate analysis was performed in the current study to 
determine the independent risk factors of bacteremia in 
the study region. 
Regarding study design, one important characteris- 
tic of the present investigation is that all children were 
systematically investigated independently of their nutri- 
tional status and of the presence of signs indicative of 
infection. In most other studies, only children with signs 
of severe infection had blood cultures obtained.5x7s37 Few 
studies have investigated all severely malnourished chil- 
dren3x4 Well-nourished children without severe signs of 
infection were never investigated for the presence of bac- 
teremia. This might have resulted in an underdetection of 
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bacteremia in well-nourished children, since the authors 
did not observe a difference in the frequency of bac- 
teremia according to the grade of fever. However, the pre- 
sent study indicates that there is no clinical benefit to 
investigating afebrile children, even those who are mal- 
nourished. Bacteremia was rare among them, and in the 
five episodes noted (4 in well-nourished children), anti- 
biotic treatment was not necessary during follow-up. 
A lack of association between malnutrition and bac- 
teremia was also observed in Zimbabwe, in a setting with 
a high prevalence of HIV infection.* This can mean that 
the coexistence of many risk factors of bacteremia can 
influence the relation between malnutrition and bac- 
teremia, especially the coexistence of malnutrition and 
other immunosuppressive diseases, such as HIV and 
malaria.19-31 In the region of the present study, the impact 
of malaria, which causes a transient deficit of immunity, 
is probably increased by the exposure of children to con- 
taminated environment and foods.29-S4 
This study has confirmed the difficulties of finding 
clinical signs specifically associated with bacteremia. 
Apart from fever, which had the highest sensitivity and 
negative predictive value, no other clinical or biologic 
sign was identified as useful for the diagnosis of bac- 
teremia. One study carried out in western DRC with a 
simple clinical case definition established a positive pre- 
dictive value for Salmonella bacteremia of at least 50%, 
which is higher than what was observed in the current 
study.42 However, the clinical case definition was applied 
only to children at high risk of bacteremia who experi- 
enced fever for 5 days and had a low probability of 
malaria, whereas in this study such selection criteria were 
not used. 
This study failed to confirm that bacteremia is more 
frequent in younger than in older children.5B37 This is 
probably the consequence of the coexistence of many 
risk factors leading to an increased prevalence of bac- 
teremia in older children. The greater risk of bacteremia 
in older children may mainly be the consequence of 
unhygienic practices and the high frequency of episodes 
of malaria in the study region.3o 
Previous studies, using univariate analysis, have 
revealed an association between jaundice and bacteremia, 
but most of them have not checked for possible con- 
founding factors.37x4j Current findings confirm that jaun- 
dice is an independent risk factor of bacteremia, since 
the association persisted after adjustment for the most 
probable confounding factors. However, although it was 
the most specific clinical diagnostic sign of bacteremia, 
jaundice was not a useful clinical diagnostic sign, because 
it had a low sensitivity. 
The fact that the WBC, the most used biologic diag- 
nostic factor, was not associated with bacteremia may 
reflect the difference between pathogens responsible for 
bacteremia in the current study setting and those observed 
in most studies from industrialized countries. Streptococ- 
cus pneumoniae and H. influenzae, responsible for bac- 
teremia in industrialized countries, are associated with ele- 
vation of WBC, whereas many authors have shown that 
less than 50% of bacteremia caused by Enterobacteriacae, 
the most frequently implicated in the current study popu- 
lation, may be associated with elevated WBC.44-47 
The criterion of combined fever and elevated ESR 
may help to limit the number of children unnecessarily 
treated with antibiotics for suspected bacteremia in well- 
nourished children. However, the loss in sensitivity and, 
most importantly, in negative predictive value (87.2%) if 
the combination of these two criteria is used could lead 
to an increase in the risk of complications or death 
related to bacteremia if initiation of necessary treatment 
is delayed. *O Among 32 patients with bacteremia not 
detected with this combination, 6 (18.7%) died within 
2 days of admission, including 2 with the initial diagno- 
sis of malaria for which antibiotics were not prescribed 
on admission. Further studies are needed to identify signs 
in combination with fever that may increase specificity 
without decreasing the negative predictive value; until 
then, the authors suggest the use of fever as the single 
criterion. 
The current recommendations for the treatment of 
malnourished children include systematic antibiotic treat- 
ment on admission.15J6 This study has demonstrated that 
in malnourished children without fever a diagnosis of 
bacteremia can be discounted, as fever had a sensitivity 
and a negative predictive value of bacteremia of 96.4% 
and 99.1%, respectively Also, the only malnourished child 
who had bacteremia without body temperature distur- 
bance recovered without antibiotic treatment. This find- 
ing is in accordance with some experimental studies in 
animals that have shown that the fever response in mal- 
nourished animals is similar to that in well-nourished ani- 
mals infected with SaZmoneZZa.48 This observation 
supports the current practice of many physicians in devel- 
oping countries who prescribe antibiotics only in mal- 
nourished children with clinical signs of infections, such 
as fever or hypothermia. This practice considerably 
reduces the cost of treatment and reduces the risk of 
emergence of resistance to antibiotics. In this study, 97.1% 
of malnourished children without body temperature dis- 
turbance did not need antibiotic treatment during the 
15 days of follow-up after admission. 
In addition to the recommendation of systematic 
antibiotic prescription in the management of malnour- 
ished children, third generation cephalosporins are 
increasingly used. I8 It has been suggested that resistant 
organisms can be treated with fluoroquinolones that are 
easier to administer and less expensive than most effec- 
tive intravenous drugs. Clinical studies have indicated that 
these drugs are effective and safe even in children.19-21 In 
rural central Africa, the use of these orally administered 
compounds may reduce not only cost but also the risk 
of nosocomial bacteremia. 
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This study confirms that bacteremia is associated 
with a high case fatality and is an important factor con- 
tributing to death among hospitalized children in devel- 
oping countries. 1,j,8,9 A case fatality rate in the range of 
11 to 62% has been reported from studies carried out in 
other African countries. 1,j*7-9,49 The high case fatality rate 
observed in this study can be partially explained by the 
fact that most recovered pathogens expressed resistance 
to ampicillin used in combination to gentamicin as first- 
line treatment. This may be comparable to a use of amino- 
glycoside alone, which has been shown to be associated 
with an increased mortality rate in patients with gram- 
negative bacteremia and to the prescription of an in- 
effective empirical treatment.40~4*~50~51 
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